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^CKGROUNDOFJjHEJ^^ 
1- Field of the Inventinn 

[0001] The present invention relates oenerally , 0 an 
apparatus tor performing a coronary artery bypass pro" 
ceajre. More particularly. , he prese n t ZJZ J e, 
forms a coronary artery bypass by providing a direct L 
path Irom a hear, chamber to the coronary artery The 
Present invention is suitable tor a number of approach 

^opulmonary by pas£) . a closed . chest approach under 

SanT'i 9 and/ ° r indi ' eCt ,h0rac0 ^0Pic viewing 
wUh and w.thou. cardiopulmonary bypass), and an in 
ternal approach through catheterization of the hear, and 
- coronary arterial vasculature without direct or indirect 
view,ng (with and without cardiopulmonary bypass) 
2. Descjjpj ion of the Prio 



n ? W A h,ch P^lly holds open the artery. 

0007] Angioplasty, and the other above-described 
•echoes (although .ess invasive than coronary a ter y 
bypass grafting, are fraught with a corresponding y 
greater ,a,lure rate due to in.ima, proliferation Con em 
porary reports suggest re-stenosis is realized in™ 
many as 25 to 55 percent of cases within 6 months of 

J. CARDIOL: 24C-33C (Nov. 4, 19 91 ). „ is presem|y be . 

[0008] A vanety ol approaches to delay or prevent re 

1° »K e : aVe eV0 ' Ved - ° ne iS 10 the si'a he 
me o balioon angiop.asty. Another ,s pyrop.asty, w e 
he balloon .tself is heated during inflation. As these al 
- ern at ,ve techniques are relatively recent innovates 

oZerX° jUS * SUCCeSS ' Ul b * 'n the 

h Per L a ° WeVe ;- b6CaUSe re - b, ° Cka 9 e necBsrtate. 
he performance of another procedure, there has been 

- d,n,ereStintheC ' e -' y '- 9 e,,astingb yP assop ■ 



!Z? , COr ° j naryar,erydiseaseisthelea ding cause 

KaS IT " indUS,fia '- d The mor 

tality stat.st.cs tell only a portion of the story. Many who 
survive face pro.onged suffering and d^,, Wh ° 
[0003] Arterioscleros.s is "a group of diseases cHp, 
. -terized by thicken.ng and loss of elastic % ar ^ 
TlONARV °r^ ND " S ,LLUSTRA ^D MEDIAL D.C 
ofl T J 27 '" 1988) ' ^sclerosis -com- 
becsTr f' nCt ' 0rmS: alh ^^clercsis, Moncke- 
(0004! S - ar,erio,0 ^lerosis.» , d . ' 

nul ° nSry 3r,ery diS6SSe haS been ^aled by 
for arteriosclerotic hear, disease was largely limited to 
med-ca. me.su.es of symptomatic comro I ZZnl 
methods o, diagnosis, coupled with improving teTh 

iocal.zat.on of the blocked site or sites and either their 
. surg.cal re-opening or bypass. 



arv irterl P '° CedUre <°< 

nary artery bypass grafting requires an incision of the 
sk,n an.er.orly from nearly the neck ,o the navel the 
saw.no o. the sternum in half longitud.nally, and he 
tordn T °' ribCa ° e Wi * h 3 meCh3nical *vfc» to a, 
chamh! 6XP0SUre °' lhS h6art Cavi 'y- " th * hear, 

chamber or a vessel ,s opened, a heart-lung, or cardi- 
9PU monarv bypass, procedure is usually necessary 
[0010] Depend.ng upon the degree and number of 
-3 coronary vessel occlusions, a sin gle . double, o 
even greater number o, bypass procedures may be nec 
essary. Often each bypass ,s accomplished by the su - 
9,a formation o, a separate conduit from the c t to 
a.stal to the diseased site. 



Se can hi T" 9 °' ^ £ ' en ° Sed °' eluded 

clZ l accom P ,1£h ^ by severa. techniques. Ano,- 
oplasty. the expansion of areas of narrowing of a blood 
Sc."! "IT —P'^edby the intravascu a ' 
e bair 3 ba "° 0n - e ^eP ed «the.er. Inflation of 
he balloon causes mechanical compression of the ar- 
eriosc,ero t ,c plaque against the vessel wall 
ess or A !' erna,iVe -"avascular procedures to relieve 
theohl i S '° n ' nC,UOe athe ' ecI ^y- which results ,r 
.heph y s,c a ioeso.u,ionofp,aqueby a ca,h e ,erequi P ped 
w h a remova! too. (e_c,. a cutting blade 0f J 
o atmg hp). Any of these ^ 9 

'ollowedbytneplacementofamechanicalsupportt 



[0011] The major obstacles lo coronary artery bvoas. 
« grafttng .nclude both the limited number of veswi that 

to effect compl.ca.ed multiple vessel repair Potential 
conduits include the two saphenous veins of the owe 
extremities, the two interna, thoracic (mammary) Z - 

V in he Slem r Sin9 ' e ^'°*WoZ 

tery in the upper abdomen. 

Lass m ,. N I""' Pr ° Cedures usin 9 a si "9'e vessel to by- 
pass multiple si.es have evolved This technique has I 
own mheren, hazards. When a sing.e vessel ^s u d 0 
* perform mu.tip.e bypasses, physica. stress^, to r£S 
o e c 0ndujt vesse| can resu)t Such ^ on, 

ularly detrimental when this vessel is an artery Unto, 
•unately. attempts a. using artificial vessefs 0 7ve^S, 
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trom'other species (xenografts)., or other non-related hu- 
maris (homografts) have been largely unsuccessful. 
See LUDWIG K. VON SEGESSER. ARTERIAL 
GRAFTING FOR MYOCARDIAL REVASCULARIZA- 
TION: INDICATIONS. SURGICAL TECHNIQUES AND 
RESULTS 38-39 (1990). 

|0013] While experimental procedures transplanting 
alternative vessels continue to be performed, in general 
clinical practice, there are five vessels available to use 
in this procedure over the life of a particular patient. 
Once these vessels have been sacrificed or affected by 
disease, there is little or nothing that modern medicine 
can offer. It is unquestionable that new methods, not lim- 
ited by the availability of such conduit vessels, are need- 
ed. 

iii. Trauma of Open Chest Surgery 

[001 4] In the past, the normal contractions of the heart 
have usually been stoppedduring suturing of the bypass 
vasculature. This can be accomplished by either elec- 
trical stimulation which induces ventricular fibrillation, oi 
through the use of certain solutions, called cardioplegia, 
which chemically a Iter the electrolyte milieu surrounding 
cardiac muscles and ariest heart activity. 
[0015] Stoppage of the heart enhances visualization 
of the coronary vessels and eliminates movement of the 
heart while removing the need for blood flow through the 
coronary arteries during the piocedure. This provides 
the surgeon with a "dry field" in which to operate and 
create a' functional anastomosis. 

[0016] After the coronary artery bypass procedure is 
completed, cardioplegia is leversed, and the heart elec- 
trically stimulated it necessary. As the heart resumes the 
systemic pumping of blcod, the cardiopulmonary by- 
pass is gradually withdrawn. The separated sternal sec- 
tions are then re-joined, and the overlying skin and 
saphenous donor site or sites (if opened) are sutured 
closed. 

[0017] The above-described piocedure is highly trau- 
matic. Immediate post-operative complications include 
infection, bleeding, renal failure, pulmonary edema and 
cardiac failure. The patient must remain intubated and 
under intensive post-operative care. Narcotic analgesia 
is necessary to alleviate the pain and discomfort. 

iv. Post-Operative Complications 

[0018] Once the immediate post-surgical period has 
passed, the most troubling complication is bypass ves- 
sel re-occlusion. This has been a particular problem with 
bypass grafting of the letl anterior descending coionary 
artery when the saphenous vein is employed. 
[0019] Grafting with tne internal thoracic (interna' 
mammary) artery results in a long-term patency rale su- 
perior lo saphenous vein grafts. This is particularly the 
case when the let! anterior descending coronary artery 
is bypassed. Despite this finding, some cardiothoracic 



surgeons continue to utilize the saphenous vein be- 
cause the internal thoracic artery is smaller in diameter 
and more fragile to manipulation. This makes the by- 
pass more complex, time-consuming, and technically 

5 difficult. Additionally, there are physiological character- 
istics of an artery (such as a tendency to constrict) which 
increase the risk of irreversible damage to the heart dur- 
ing the immediate period of post-surgical recovery. 
[0020] Once the patient leaves the hospital, it may 

'0 take an additional five to ten weeks lo recover complete- 
ly. There is a prolonged period during which Irauma to 
tne sternum (such as that caused by an automobile ac- 
cident) can be especially dangerous. The risk becomes 
even greater when the internal thoracic artery or arter- 
ies, which are principle suppliers of blood to the ster- 
■ num, have been iigated and employed as bypass ves- 
sels. 

v. Less Invasive Procedures 

20 

[0021] Due to the invasive nature of the .above tech- 
nique, methods have been devised which employ con- 
temporary thoracoscope devices and specially-de- 
signed surgical tools to allow coronary artery bypass 

? 5 grafting by closed-chest techniques. While less inva- 
sive., all but the most recent closed-chest techniques still 
require cardiopulmonary bypass, and rely on direct 
viewing by the surgeon during vascular anastomoses. 
[0022] These methods require a very high level of sui- 

30 gical skill together with extensive training. In such situ- 
ations, the suturing of the bypassing vessel to the cor- 
onary artery is performed through a space created in the 
iow anterior chest wall by excising the cartilaginous por- 
tion of ihe left fourth rib. Aiso, as they continue to rely 
on the use of the patient's vessels as bypass conduits, 
the procedures remain limited as to the number of by- 
passes which can be perlormed. Because of these is- 
sues, these methods aie not yet widely available. 

*o vi. Objectives lor Improv e d Bypass Procedures 

[0023] In view of the above, it is desirable to provide 
other methods by which adequate blood flow to the heart 
can be re-established and which do not rely on the trans- 

" 5 position of a patient's own arteries or veins. Preferably, 
such methods wilt result in minimal tissue injury. 
[0024] While the attainment of the loregoing objec- 
tives through an open chesl procedure would, by them- 
selves, be a significant aovance, it is also desirable if 

so such methods would also be susceptible to surgical pro- 
cedures which do not require opening of the chest by 
surgical incision of the overlying skin and the division ol 
the sternum. Such methods would not require surgical 
lemoval of cartilage associated with the left fourth rib. 
would not require the surgical transection of one or both 
internal thoracic arteries, would not lequire the surgical 
incision of the skin overlying one or both lower extrem- 
ities, and would not require the surgical transection and 



3 



EPO 959-815 B1 



removal of one or both saphenous veins. In bo.h an 
open and closed ches, approach, i, is a.so be des irabte 
-suet, .methods could be performed without s.oppaoe 
of the hear, and without cardiopulmonary bypass How- 
eve,, attainment of the foregoing objectives in a proce- 
dure requiring cardiopulmonary bypass would sti« be a 
significant advance in the art. 

viL - Re| e'ences for Pr jgr_A rt Techniques 

E, ^"^^"'^^'^'S^alproceduresfsuchas 
those described above, lor coronary artery bypass graft- 
n 9 us,ng saphenous vern or.interna, IhoLfc'arte y v 

I* a f r0ach have ^en described and L- ' 
fated m detail. See generally Stuart W. Jamieson Aor 
XZu.^ Saphenous ™" Bypass Grafting, in ROB S 

GERY L 1 RA I' VE SURGERY: C *™*C ^ 
CERY, 454-470 (Stuart W. Jamieson & Norman E 

rfssFR ay .PT S C o 4th ed 1986,: LUDWIG K - VON SEG- 

ESSER, ARTERIAL GRAFTING FOR MYOCARntAi • 
REVASCULARIZATION: INDICATIONS T SiTrcipa, ' 
TECHNIQUES AND RESULTS 

nary Bypass Techniques, in HURST'S THE HEART 
2443-450 (Robert C. Sch.an, & R. Wayne AfexaZ 

Z ZT, T ' eChniQUeS bU ' Wilh0U ' ca ^io P lo- 
AnervBvn- ' S TT 6 m Eni ° BU " 0, ° £ * al - <»™»Y 
pa eTZ^u'" ng mh ° Ut ^pulmonary By- 
pass. 61 ANN. THORAC. SURG. 63-66 (1996) 
0026] Some less conventional techniques (such a* 

num^T» ab ° Ve) Per ' 0rmed by ° nly 3 ^ 
number of appropnately skilled practitioners Recentlv 
oeveioped lechniques by whlch l0 per(orm a 
artery bypass graft utilizing thoracoscopy and minimal 
'y-nvasive surgery, bu, with cardiopulmonary" P T S ' 
"J d M eSC f,f and illuslraIed - German e, al.. U.S P a 7- 
ent No. 5,452.733 (1995). An even more recent coro- 

Tnall n VPaSS P ' 0CedU,e emp ' 0yin 9 thoracoscopy 
and mmimally-mvasive SU ,g ery . but withou , Py 

monary bypass, ,s described and illustrated by Tea E 

Acuft e. a,., Minimally Invasive Coronary Artery By pa t 

Graftmg, 61 ANN. THORAC. SURG. 135-37 0996) 



I*p ^ Cert ! in me ' h0dS have been P f °P°=ed to pro- 
vide a d,rect blood (low path from the left ventricle di 

These are oesenbed in U.S. Patent Nos. 5.429 144 cJ." 
ed July 4. 1995,5,287.861 dated February 22 1994 
*^*T 9 d3ted APri ' 1 " 5 < a » <° U All f 
walMn S ? QUeS ' nC,Ude Pr0Vta ' n9 3 Stent in ,he 

the hear oT °" eC ' P3 * h ,r0m ,he ,e " °< 
me heart to the coronary artery. 



[0028] As taugh , ,„ egch of (he above . fe(ere 
ents the stent IS Cosed during either systole or diastole 
to block return flow of blood Irom the coronary a rte y 
dur^g lhe heart , cyc|e Fm examp(e 

* teaches a stent which co.lapses to a closed state in re 

019 paten, (part.cu.arhy Figs. 7A and 7B) teaches a rigid 
stent O^, open during systole) with a one-way valve 
wh, c closes durjng diastQ|e (o b|Qck re(ufn y e 

from the coronary artery, 
ii- Problems 

[0029] The interruption of blood flow during either di- 

c L 0 u r ,, Sy n St0,e " T 6Sirab,e SinCe SUCh 
car result ,n areas of stagnant or turbulent blood flow 

w ch cT ° f 1 f a9na,i0n Can '«*"' - c,o, formation 
S,^h r h k ' n ° CC,USi0n ° r thr ° mbi break *9 tose 
Such thrombi can be carried ,o the coronary arteries 
« causing one or more areas of cardiac muscle ischem!a 
myocardia, infarction) which can be fatal. Fur.herThe 

ow w",f °' a,0rementi0 -d patents direct blood 
low w h £ubstantja| ve|oci(y vec|of ^ 

25 ° 1 ° r0nary 3rtery - Such fl ™ can damage the 

^ wall of the coronary artery. 

[0030] Providing direct blood flow from the left ventri 
c e of the coronary anery has been criticized. For exam- 
ple- Munro e. a,., The Poss.oitity o, Myocardial PeZ 
cufamanonByCreationolaLeft VentrLocoronalyAr- 
■»> <eryF, S ,u,a. 58 Jour. Thoracic and Card,ovasculr Su 
9 ery,25.32(1969)showssuchaf,ow P a,hin^TNo;: 
a fall , n coronary artery (low and other adverse con- 
sequences, the authors concluded "that operations de- 
nf s '9 ned '--ascuiarize the myocardium dLt f om'he 

" ?a v idarT:7 mric,emake,hemyocardi -^ 

IC and are unlikely to succeed " Id at 31 
[0031] Notwithstanding the loreooing problems and 
scno arly criticism,, and as wi„ be more^.*^ 

- Z IZ lor ' nV T n " di ' eCted '° 3n appara,US 

me.hod lor proving a direct blood flow path from a 
near, chamber to a coronary artery downstream of an 

^senhnvention provides substantia, net blood flow to 
the coronary artery. 

E. Additional Technig npc 

[0032] Methods of catheterization of the coronary 

30 2 ' '? niqUeS Uti " 2ed in ^e performance o 
angioplasty and atherectomy, and the variety of stents 
" current chnica. use have been summarized See gen- 
erally Bruce F. wauer S Cass A. Pinkenon, The Pathol- 
ogy oi intervene, Coronary Anery Technique a d 
Deuces, ,n 1 TOPOL'S TEXTBOOK OF INTERVEN 

ed. 1994). see also David W. M. Muller S Eric J Topo, 

sZ7Z C Z7 yAmeaomy ' '"^opol-steSt 

BOOK OF INTERVENTIONAL CARDIOLOGY at 
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678t684 ; see also Ulrich Sigwart, An Overview of Intra- 
vascular Stents: Old& New, in 2 TOPOL'S TEXTBOOK 
OF INTERVENTIONAL CARDIOLOGY at 803-815. 
|0033] Direct laser canalization ol cardiac muscula- 
ture (as opposed to canalization ot coronary artery teed- s 
ing the cardiac musculature) is described in Peter Whit- 
taker et al.. Transmural Cnannels Can Protect Ischemic 
Tissue: Assessment ot Long-term Myocardial Re- 
sponse to Laser- and Needle-Made Channels, 94(1) 
CIRCULATION 143-152 (Jan. 1, 1996). Massimo et al.. m 
Myocardial Revascularization By a New Method ol Cat- 
rying Blood Directly From The Lett Ventricular Cavity In- 
to The Coronary Circulation, 34 Jour. Thoracic Surgery 
257-264 (1957) describes a T-shaped tube placed with- 
in the ventricular wall and protruding into the cavity of 
the left ventricle. Also, Vineberg et al., Treatment ot 
Acute Myocardial Infarction By Endocardial Resection, 
57 Surgery 832-835 (1965) teaches forming a large 
opening between the left ventricular lumen and the 
sponge-like network of vessels lying within the myocar- ?r> 
dium. 

SUMMARY OF THE INVENTION 

[0034] According to the present invention, an appara- ?s 
tus for surgically bypassing an obstructed coronary ar- 
tery establishes a channel leading directly from a cham- 
ber of the heart into the obstructed coronary artery at a 
site distal to the obstruction and holding the channel 
open during both systole and diastole. Additionally, the 3c 
apparatus of the invention avoids impingement of high 
velocity blood flow directly against the coronary artery 
wall. 

[0035] The present invention is particularly useful for 
coronary artery bypass procedures in a patient suffering 3i- 
from obstructive coronary artery disease. The present 
invention permits an array ot piocedures of varying in- 
vasiveness. 

[0036] The present invention avoids the previous lim- 
itations on the number ol periormable bypass proce- "C- 
dures. Due to the limited number ot arteries and/or veins 
available, standard procedures become increasingly 
risky to repeat. Rather 1han relying on harvested veins 
and arteries as bypass conduits, the present invention 
forms a channel (or conduit) which leads directly from a *£■ 
chamber of a patient's heart into a coronary artery at a 
site distal to the obstruction or narrowing. 
[0037] In the most preferred embodiment, the left ven- 
tricle is the chamber of the heart utilized. There are two 
reasons forthis selection. First, the left ventricle normal- 50 
ly provides blood to the coronary arteries, because it 
pumps blood into the aorta Irom which the coronary ar- 
teries branch. Therefore, the magnitude of the blooc' 
pressure peak generated oy the lett ventricle is most 
similar to the blood pressure peak the proximal coronary 
artery would normally exDerience. Second, the blooc 
which flows into the led ventricle is returning from thf 
lungs. In the lungs, the blocd acquit es oxygen and loses 



carbon dioxide. Thus, the blood available by shunting 
from the chambers of the left side of the heart will have 
a higher oxygen and lower carbon dioxide content then 
blood within the right-side heart chambers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] 

FIG. 1 A is a right, front and top perspective view of 
an L-shaped conduit lor use in the present inven- 
tion: 

FIG. 1 B is a side elevation view of the apparatus of 
FIG. 1A shown partially in section to reveal an op- 
tional bi-directional flow regulator located in a lumen 
ol an anchor arm of the conduit: 
FIG. 2A is a right, front and top perspective view of 
a T-shaped conduit which is not covered by the 
present invention as claimed herein but is contained 
to illustrate details useful for the understanding of 
the present invention, like the flow regulator. 
FIG. 2B is a side elevation view of the conduit of 
FIG. 2A shown partially in section to reveal an op- 
tional bi-directional flow regulator located in a lumen 
of an anchor arm of the conduit: 
FIG. 2C is a side elevation view of the conduit of 
FIG. 2A shown partially in section to reveal one op- 
tional bi-directional flow regulator located in the lu- 
men of the anchor arm ot the conduit, and another 
optional bi-directional flow regulator located in an 
intracoronary arm of the conduit: 
FIG. 3 is an anterior view of a human chest which 
is incised longitudinally to reveal a dissected peri- 
cardium and mediastinal contents; 
FIG. 4 is a magnified view ol an area circled 200 in 
FIG. 3 illustrating a longitudinally incised coronary 
artery; 

FIG. 5 is a partial external perspective view of a 
transversely sectioned coronary artery and heart 
wall illustrating a channel leading from a lumen ol a 
coronary artery and into a chamber of the heart ac- 
cording to the method of the present invention; 
FIG. 6 is a partial external perspective view of a 
transversely sectioned coronary artery and heart 
wall illustrating the partial placement of one embod- 
iment of the conduit of the present invention into the 
incised coronary artery and formed channel illus- 
trated in FIG. 5; 

FIG. 7 is a partial external perspective view of a 
transversely sectioned coronary artery and heart 
wall illustrating the completed placement of one em- 
bodiment of the conduit of the present invention into 
the incised coronary artery and formed channel il- 
lustrated in FIG. 5; 

FIG. 8 is a partial external perspective view of a su- 
tured coronary artery and phantom view of the con- 
duit of the present invention: 
FIG. 9A is a schematic longitudinal cross-sectional 
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view of a bi-directional flow regulator shown in.a full 
flow position. 

FIG. 9B is the view of FIG. 9A with the bi-directional 
flow regulator shown in a reduced flow position- 
FIG. 9C is a transverse cross-sectional view of the 
bi-directional flow regulator of FIG. 9B: 
FIG. i OA is a schematic coss-section'longitudina! 
v-ew of an alternative embodiment of a bisection: 
al flow regulator shown in a full flow position- 
FIG. 10B is the view of FIG. 10A showing ,'he bi- 
di-echonal flow regulator in a reduced flow position: 
FIG. IOC is.a transverse cross-sectional view of the 
bi-directional flow regulator of FIG. 1 0B- 
FIG, n is a schematic longitudinal cross-sectional 
view of a channel defining conduit not coveredd by 
h.s invention as claimed herein but useful to il.us 
f ate details thereof, like tapered anchor arm- 

12 15 a hematic longitudinal cross-sectional 
viewof the conduit of FIG. 1 A in place in a coronary 

FIG. 13 is a schematic longitudinal cross-sectional 
v.ew of a test conduit for animal testing of the inven- 
tion; and 

Fig. 14 is a schematic longitudinal cross-sectional 
view of a conduit in place in a coronary artery illus- 
trating a deflecting shield to piotect the coronary ar- 



0039] w, tn reference now ,o the various drawing „g- 
ures ,n wh,ch .dentical elements are numbered identt 
cally throughout, a description of the preferred embod- 
iment o, tne presen( jnvent . on vaf(oLs d 

embodiments will now be provided. 
A ^M£dSuj IH2 a i y_o^ 

10040] The invention departs from the traditional by- 
pass approach. Rather then providing an alternative 
pathway tor blood to flow from an aorta to a coronary 
.ortery, the invention provides a blood flow path leadinc 
direct y from a chamber of a hear, to a coronary arter^ 
at a site downstream from the stenosis or occlusion. Un 
I'ke U.S. Patent Nos. 5,429,144; 5 287 861 and 
5,409,019 and contrary to the teachings of these P a. 
ents. the ven.ncular-.o-coronary artery bloo d flow path 
remains open during bo(h ^ ^P 

9'cal placement of the apparatus of the present inven- 
tion establishes this alternative pathway Also ™Z 
will be more fully described, the invention include 
means lor protecting the coronary artery from direct im- 
pingement of high velocity blood flow 
[0041] While the invention will be described in multiple 
embodiments and with the description ot various surgi- 
cal procedures for practicing the invention, it will be ap- 

mem s a, ifd tha V he reCi,a " 0n °' SUCn mU " iple emb ^ 
ments ,s done for the purpose of illustrating non-limi.inc 



maTIale 5 °' mU " iP ' e '° rmS WhiCh ^ PreSen ' inVen,ion 
[0042] The presently preferred embodiment is illus- 
trated in FIG. 1A as an L-shaped conduit 10' with an 
in.racconary arm 14" to reside in the coronary artery 
ano opening downstream ot an occlusion). The conduit 
10 has an anchor arm 12' extending throuoh the heart 
wall with-an opening 12a' in communication with the in- 
terior of the left ventricle 
" [0043] While various minimal^ invasive surgical pro- 
cedures are described with respect to alternative em- 
bodiments, the piesently pre.erred embodiment places 
me conduit 10- into a coronary artery through an open- 

erence to F.GS. 3 - 8. While minimally invasive proce- 
dures are desirable, an open chest procedure is pres- 
ently preferred due to the already large number of phy- 
sicians trained and skilled in such procedures thus mak- 
mg he benefits of the present invention more rapidly ■ 
men. '° ' a ' ien,S ^ '** e " ective treat 

[0044] While the various embodiments (including the 
presently preferred embodiment of FIG. 1A) will be de- 

25 -"IV 9 '! a,er detai '' 3 P re,iminar V Ascription of the 
invention and of a method of using it will now be qiven 
with re.e,ence to FIG. 1 2 t0 facilitate an understanding 
ot a detailed description of the invention and the alter 
nate embodiments 

[0045] FIG. 12 is a schematic cross-sectiona, view of 
a condu,, io- of FIG. 1 A placed within a coronary artery 
30. Coronary artery 30 has a lower surtace 40 residing 

innT?! 1 eX,ernal SUffaCe °' 3 hearI wal1 42 surround- 
mg the left ventricle 44. 

[0046] The wall 36 of the artery 30 defines an artery 
'umen 48 through which blood flows in the direction o 
a-'ow A. In. the view of FIG. 1 2) an obstruction 34 is 
shown within the lumen 48. The obstruction 34 acts to 
a^owA" 16 V ° IUme °' b ' 00d " 0VV alon 9 lhe direction of 
« [0047] The conduit 10' is a rigid . L . shaped , ube hay . 
mg an anchor arm 12' with a longitudinal axis X-X and 
an opening 12a' at an axial end, 

[0048] The conduit 10' has an intracoronary arm 14' 
with a longitudinal axis Y-Y and an opening 14a' at an 

7'« « r d ^ °' 12 '' 14 ' a ' e c y' indrical « ^a P e 
and define a continuous blood flow pathway IV from 
opening 12a' to opening 14a' 

TJP / he K aXeS *'* aPd Y " Y are P e 'P^*cu.ar in a 
so ZZr emb0diment - Alternatively, the axes X-X, Y-Y 
could define an angle greater than 90° to provide a less 
turbulent blood flow from arm 1 2' to arm 14' 
[0050] The conduit ia is positioned for the anchor 
arm 12 lo pass through a preformed openino 50 in the 
near, wall 42 and extending from the lower Surface 40 
of the coronary artery 30 into the left ventricle 44 The 
opening 12a' is in blood flow communication with the 

TZZ °\ !, he ' e,t ventricle 44 so ,nat bl00d ™y "°w 

"°m the left ventricle 44 directly into path IV. The arm 
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14' is coaxially aligned with the coronary artery 30 and 
with the opening 14a' facing downstream (le., in a di- 
rection lacing away from obstruction 34). 
10051] Blood flow from opening 1 2a' passes through 
the pathway 1 V and is discharged through opening 14a' s 
into the lumen 48 of the coronary artery 30 downstream 
ot the obstruction 34. The outer diameter ot arm 14a' is 
approximate to or slightly less than the diameter of the 
lumen 48. 

10052] The axial length of the anchor arm 12 is great- 
er than the thickness of the heart wall 42 such that a 
lenoth L protrudes beyond the interior surtace of the 
heart wall 42 into the left ventricle 44. Preferably, the 
length L of penetration into the left ventricle 44 is about 
1 -3 millimeters in order to prevent tissue growth and oc- 
elusions over the opening 12a'. 
[0053] In addition to directing blood flow downstream 
in the direction of arrow A, the arm 14' holds the conduit 
10' within the coronary artery 30 to prevent the conduct 
10' from otherwise migrating through the preformed 
opening 50 and into the left ventricle 44. Additionally, an 
upper walU 4b' of arm 14' defines a region 15' against, 
which blood flow may impinge. Stated differently, in the 
absence of an arm 14' or region 15', blood flow would 
' pass through the anchor arm 12' and impinge directly - 
against the upper wall 36 of the coronary artery 30. High 
velocity blood flow could damage the wall 36, as will be 
more fully described, resulting in risk to the patient. 
10054] The region 15' acts as a shield to protect the 
coronary artery 30 from such blood flow and to redirect 
the blood flow axially out ot opening 1 4a' into the coio- 
nary artery 30. This is schematically illustrated in Fig. 
14 Fo. ease of illustration, the axis X-X of the anchor 
arm 12' is shown at a non-orthogonal angle with respect 
to the direction A of blood flow in the coionary artery 30 
(axis X-X may be either orthogonal or non-orthogonal to 
direction A). The vector B of biood flew Irom the anchor 
arm 12' has a vector component B' parallel to bloodflow 
A and a vector component B" oerpendicular to d,rect,on 
A The legion 15' is posit.oned between the wall 36 and 
' anchor arm 12' to prevent the blood flow B with high 
vector component B" from impinging upon wall 36. The 
blood flow deflected off region 1 5' has a reduced vector 
component perpendicular to flow direction A and re- 
duced likelihood of damage to the coronary artery 30. 
[0055] A portion 17' of the anchor arm 12- extends 
trom the lower surface 40 of the coronary artery 30 and 
through the lumen 48 to the upper surface 36 to block 
the cross-section of the coionary artery upstream from 
opening 14a'. The region 17' acts as a barrier to impede 
or prevent any dislodged portions of the obstruction 34 
l,om passing the conduit 10' and flowing downstream 
throuah the coronary artery 30. 
I0056] The present invention maintains blood flow 
through the conduit 10' during both diastole and systole. 
Therefore, while the net blood flow is in the direction ot 
arrow A, during diastole, blood will liow in a direction 
opposite of that of arrow A. 



[0057] The constantly open pathway 1V results in a 
net flow in the direction of arrow A which is extraordinar- 
ily high and sufficient to reduce or avoid patient symp- 
tom* otherwise associated with an obstruction 34. Spe- 
cifically, certain aspects of the apparatus anO method ot 
the present invention have been preliminary tested in 
animal studies. FIG. 13 schematically illustrates the 
tests as the placement of a test conduit 10' in the coro- 
narv artery 30' of a pig. For purposes of the tests, a stain- 
less steel T-shaped conduit 10* not covered by the in- 
vention as claimed herein but useful to illustrate details 
tneieot is used having aligned openings 14a', 16a' po- 
sitioned within the coronary artery 30' and with a third 
opening 12a* protruding 90° out of the coronary artery 
30' The conduit 10* has a uniform interior diameter of 
3 millimeters to correspond in sizing with a 3 millimeter 
lumen of coronary artery 30'. The third opening 12a* is 
connected by a 3 millimeter conduit 13 to a 3 millimeter 
rioid Teflon (PTFE1 sleeve 13a which was passed 
> through the heart wall 42' into the left ventricle 44'. The' 
conduit 1 3 and sleeve 13a do not pass through the cor- 
onary artery 30". 

[0058] [n the view of FIG. 1 3, the direction of net blood 
flow is shown by arrow A. A first closure device in the 

5 form of a suture loop 300 surrounds the artery 30' adja- 
cent the upstream opening 14a* of the conduit 10*. The 
ioop 300 provides a means for closing the upstream 
opening 14a* by selectively constricting oi opening the 
loop 300 to selectively open or block blood how through 

w me coionary artery 30'. The first loop 300 permits the 
test to simulate blockage of the coronary artery 30' up- 
stream of the conduit 10*. 

[0059] A flow meter 304 to measure volumetric flow 
01 Nood downstream of the conduit 10* is placed adja- 
3-> cent downstream opening 16a*. A second closure de- 
vice 302 functioning the same as loop 300 is placed on 
conduit 13 to selectively open or close blood flow 
throuah conduit 13. 

[0060] When the second device 302 is closed and the 
40 first device 300 is open, the conduit 10* simulates nor- 
mal blood flow th.ough a healthy coronary artery 30' and 
the normal blood flow can be measured by the flow 
measurino device 304. By opening second device 302 
and closing the first device 300, the test conduit 10* can 
45 simulate the placement of a conduit such as that in FIG. 
21 with an obstruction located on the upstream side of 
the conduit. The flow meter 304 can then measure flow 
of blood through the conduit 1 0* during both diastole and 

systole. . . 

50 [0061] The results of the tests indicate there is a sub- 
stantial net forward blood flow lie., volumetric forward 
flow less volumetric retro-flow) with the second device 
302 remaining open during both diastole and systole 
and with the first device 300 closed to simulate an ob- . 

6* struction Specifically, in the tests, net blood flows in ex- 
ce« ot 80 percent ot normal net forward blood flow were 
measured. It was also noted that with the second device 
302 closed and first device 300 open to simulate normal 
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blood flow, the peak blood flow through the coronary ar- 
tery 30" occurred during sys.o.e. with the firs, device 
300 closed to simulate an obstruction and with the sec- 
ond dev.ce 302 open, the peak blood flow occurred at 
diastole. 

I0062] The amount of back flow through a conduit can 
be controlled without the need for proviso a valve with- 
in he conduit. Conveniently relerred to as flow "bias" a 
volumetric forward flow greater than a volumetric rear- 
ward flow can be manipulated thiough a variety of 
means including sizing of the inferior diameter of the 
conduit, geometry of the conduit le^q.. t aper . cross-sec- 
tion.al geometry and angle) and, as will be more fully dis- 
cussed, structure to restrict rear flow relevant to forward 

[0063] The sizing of the interior diameler of the flow 
pathway ir can be selected to minimize back flow A* 
will be more further discussed, the net flow increase* 
with a reduction in the diameter as suggested by simu~ 
ation modeling of flow through a conduit. One method 
m which shear rate and flow bias can be controlled is by 
providing a tapered diameter for a narrower diameter at 
opening 14a' than a. opening 12a'. The selection of the 
conduit geometry (ejL , an angled anchor arm as shown 
in Fig 14 or a tapered geometry as will be discussed 
. with re.e.ence to Fig. 1 1 ) can be selected to modify the 
oeoree to which the conduit is biased to net forward flow 
p. the conduit offers less resistance to foward flow 
than to retro-flow) without slopping or blocking retro- 

[0064] The substantial net blood flow measured in an- 
imal .esting through the invention is extraordinarily high 
when compared to minimum acceplable levels of net 
blood flow following traditional bypass lechniques (i e 
about 25 percent of normal net blood fiow). Further the 
results are counter-intuitive and contradictory to the pri- 
or teachings of the art of U.S. Patent Nos. 5 429 144- 
5.287.861 and 5,409,919 and the afore-mentioned 
Monro et al. article. In addilion. , he Dresent invention 
p-ovioes a conduit with a shielding a , ea 10 prevent dam- 
aging impingement of blood fiow directly onto the coro- 
nary artery wall as well as providing a blocking area to 
prevent the migration of debris Horn an obstruction to a 
location downstream of the conduit 
[0065] Having provided a summarized version of the 

ToT^T™ Wi ' h re ' e,enCe ,0 the Sche ™ tic *aw- 
ngs of FIGS. 12 and 13, a more detailed description of 
the present invention as well as a detailed description 
of a Iterna.ive embodiments and alternative surgical pro- 
cedures will now be provided 



conduit directly from a chamber of a hear, to a coronary 
artery downstream of an occluded site. Belore describ- 
ing the surgical methods for placing such an apparatus 
an apparatus of the present invention will be described.' 

T- Shaped Devicp 



I0067] With initial reference to FIGS. 2A 2B and 2C 
devices are shown as a rigid T-shaped conduit 10 which 
are not covered by the invention as claimed herein but 
a e useful to illustrate details thereof, like the flow reo- 
ulator in this case (the L-shaped conduit 10' of the in- 
ven.ion having already been summarized and to be later 
described in detail). The conduit 10 is hollow and in- 
cludes two axially-alignedintracoronary arms 14 16 ter- 
minating at open ends 1 4a, 16a. An anchor arm 12 (hav- 
ing an open end 12a) extends perpendicularly ,o arms 
™, 16. The entire conduit 10 is hollow to define a blood 
flow conduit 1 1 providing blood flow communication be- 
*> tween open ends 12a, 14a and 16a. 

[0068] As will be more fully discussed, arms 14 and 
16 are adapted to be placed and retained within a lumen 
of a coronary artery on a downstream side of an occlu- 
ston with open ends 1 4a, 16a in blood flow communica- 
te n^l'" 6 T en ' 3nCh0r 3rm 12 15 ada P ,e « to 
extend through and be retained in a heart wall (e a a 
wall of the left ventricle) with the open end 12a in^ood 
tow communicator, with blood within the chamber 
When so placed, the conduit 10 defines a suroically^ 
placeo conduit establishing direct blood flow from the 
hear, chamber to the artery. By "direct" it is mean, that 
the blood flow does no. pass throuah the aona as occurs 
in tr E d,i,on E | bypass procedures. The conduit 10 is suf- 
f.c.ently , ,gid such that it defines an open blood flow path 
35 during both diastole and systole. 
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[0066] As will be more fully described, the present in 
ven.ion places an apparatus for defining a blood flow 



0069] Wh,le unobstructed back flow is preferred, par- 
tially res.nc.ed back flow can be provided. As will be 
more fully described back flow can be controlled by the 
geometry of the conduit. The followino describes a pre, 

" UoTX 2 ^ illustrates use of an optional bi-direc- 
honal flow regulator 22 within the conduit 10 and posi- 
tioned in anchor arm 12. The bi-directional flow reaulator 
22 permits unimpeded flow in the direction of arrow A 
(re, from open end 12a to open ends 14a, 16a) while 

mri'riV^^ (bU ' n °' b '° Cked > reverse f <™- 
[0071] FIG. 2C il.ustra.es the useof a firs, bi-direc.ion- 
al flow ,egu,a.or 22 as well as a second bidirectional 
'low regulator 26 in arm 1 6 near the open end 1 6a of the 
apparatus. The seconb bi-directional flow reaulator 26 
permits unimpeded blood flow in the direction of arrow 
b. i ne second bi-directional flow reaulator 26 is used to 
permit a reduced (but not zero) back flow of blood in an 
upstream direction within the coronary artery. For exam- 
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pie the coronary artery may not be completely obstruct- 
ed a ! nd may have a reduced flow pas. an obstruction. 
The u«e ol the T-conduit 1 0 with axially aligned arms 14, 
16 takes advantage ot such reduced How and supple- 
ments such llow with blood through anchor arm 12. A. 
Z be described, the conduit 10 is placed with the arms 
14 16 in the lumen ot the artery with opening 16a posi- 
tioned on the upstream side (le, nearest to, but still 
downstream of, the obstruction). 
.0072] As indicated above, the flow regulator 22 is a 
bi-directional How regulator. By this it is meant that the 
tiow reaulator 22 does not block how ot blood in any di- 
,ection~ Instead, the flow regulator 22 permits a first or 
maximum flow rate in one direction and a second or re- 
duced flow rate in a second direction. The flow regulate 
is schematically illustrated in FIGS. 9A through , 10C. In 
each of these figures, the arrow A indicates the direction 
of blood llow f rom the left ventricle to the coronary artery . 
,0073] FIGS. 9A through 9C illustrate a bi-directional 
low regulator 22. F.GS. 10A through 10C illustrate an « 
alternate bi-directional llow regulator 22. The regulator 
22 of FIGS. 9A throug 9C shows a butterfly valve 222, 
mounted in the anchor arm 1 2 ol a rigid conduit 1 0. Va ve 
222 may be pivoted (in response ,o . blood «^ 
direction of arrow A) between a position with the plate ^ 
222 generally parallel to the walls 12 of the condutt 10 
, a s illustrated in F.G.9A. The plate 222 can be rotated 
(in response to blood flow .everse to arrow A) to a po- 
sition angled relative to the walls 12 of the conduit 0 
as illustrated in FIG. 9B. FIG. 9A may be conveniently ■= 
referred"* as a full flow position. FIG. 9B may be con- 
veniently referred to as a reduced how position. FIG. 9C 
is a c.css-section of the conduit 10 when the plate 222 
is in the leduced flow position. 

[0074] The plate 222 is sized relative «o the condurt, 
10 such that the cross-sectiona: area o, the , condur 10. 
which .emains open is sufficient to permit about 20 /, o 
,he blood flow (measured volumetrically) to flow back 
,h,ouoh the conduit 10 in a direction opposite to that of 
arrow" A during diastole. As a result, dunng systole, 
biood liow from the heart to the coronary artery ^urges 
» he plate 222 to the full llow position of FIG. 9A such 
blood may how unobstructed thiough the device to the 
coronary artery. During systole, the blood (due to pres- 
sure differentials between the coronary artery and he 
left ventricle) will flow in a direction opposite of that of 
arrow A causing the plate 222 to rotate to the posi ion 
of FIG 9B and 9C. However, even in the reduced flow 
position, the plate 222 is prevented Irom moving to a full 
closed position such that flow through the device .s nev- 
er blocked and instead may proceed with a back flow of 
about 20% (volumetrically measured) of the normal flow 
in the direction ot A. 

.0075] FIGS. 10A through 10C show an alternative 
desion ot the conduit 10 with the flow regulator 22a m 
the form of three leafs 222a, 222b : 222c which, in re- 
sponse to blood llow from the let, ventricle to the coro- 
nary artery, open to a full open position shown .n FIG. 



10B and move to a ,estricted flow posmon n FIGS. 10A 
and 10C in iesoonse to back flow. The leaves 222a 
922b 222c are provided with openings 223 to permit 
now t'hrough the leaves 222a, 222b, 222c at all times. 
5 0076 lUsbelievedthatprovidingaback.lowo.abou, 
20% (20% beino a non-limiting example ot a presently 
anticipated desiTed back flow rate) of the volumetnc an- 
feroarade flow is necessary. This is essential because 
■„ allows the channel of the conduit 10 and the mechan- 
,o ical elements o. the flow regulator 22 to be washed by 
the retioorade flow. This ensures that no areas of steg- 
nan, How occur. Areas o. stagnation, it 
result in clot formation which could result m thrombi i oc- 
cludino the conduit or breaking loose. Thrombi could be 
,5 carried downstream into the coronary arteries to cause 
one or more areas ol cardiac muscle ischemia (^ a 
myocardial infarction) which could be fatal. Back flow 
nececsary to wash the components can be achieved 
through either a conduit 10 which has a constant open- 
20 ,nc through both systole and diastole (■£ condu < 10 of 
FIG 2A without the use of a bi-directional flow regulator 
22) or with a device coupled with a bi-directional low 
regulator 22 (FIGS. 2B-2C) which permits a 20 /c flow 
rate back flow during diastole. 



L-Shsped Device 

,00771 An L-shaped conduit 10' (FIGS. 1A,1B,1C) is 
Ud according to the invention to completely bypass 
the coronary obstruction. An L-sha P ed conduit 10 has 
an anchor arm 12' with an open end 12a'. Unlike conduit 
10 conduit 10' has only one intracoronary arm 14' per- 
pendicular lo arm 12'. Arm 14' has an open end 4a 
and conduit 10' is hollow to deline a continuous fluid 
rathwav 11' from end 12a' to end 14a'. In application, 
arm placed within the lumen of an artery. End 14a 
!sce c oownstieam Irom an obstruction. Arm 12' is 
placed through the heart wall with end 12a' in fluid com- 
muniction with blood within the heart chamber. As il- 
o lusti-od in FIG IB, the anchor arm 12" can include a 
bi-directional How regulator 22' similar to bi-directional 
flow legulator 22 ot conduit 10, 



,00781 The inner and outer cross-sectional diameters 
ot a coronary artery decreases with the distance from 
the arterial origin. Eventually, the artery branches into a 
number ol arterioles, which feed the capillary bed of the 
so coronary arterial microcirculation. 

,0079] The typical diameter of a lumen of a corona y 
artery is in oeneral. species specific; increasing with 
heart size. In^humans. this lumen diameter is dependent 
upon which artery is being evalua.ed. but usually ranges 
55 from 1 .0 to 4 mm in diameter, and decreases with dis- 
tance from the aortic origin. In the preferred embodi- 
ment the c.oss-sectional outer diameter ot the intracor- 
onary arm 14' of the device of the piesent invention 
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stress. The cross-sectional inner diameter o, thTtL 

** eiy 8pp '°* a »' « s : ; 

™sc„ te ,c„e „ 0Ima „ y !uppfc / £ 

10081] ,| nece^a,,, a „ ,„ itiaJ spp,^^,^, 
«,«, coss-seclical ouK, d,an,e,e, o, rh9 inllae0 ' 
na,y a,m ,4' 0 | ine co,Wu» iff 0 1 |„e oie <™ „ ? 

». ,n Ite s ,, e ,„ al „ e em6odi(n9n , s ^ «■ « 

orectonaf llo„ .egulalo, 22' a« ilea ,„ ™" V 

p ;:r ,e o, ™2 

Pressure al which the flow reau'alo mo, ot , ■ 
artery pressure, blood flow, and hear, chamber D <e7 

IteTL, DU "" 9 C0 ' 0na ''' P'oce au , e 
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iITh°r m h a SimU,a,ran,eS ' in9 ' acOUnler - intuiI ^-ciica,ion 
•s that maxrmizmg the diameter of anchor arm 1 Y 

at:;: w?' examp,e - such simu,a,ion — i " 

ameters of 3.00 mm, 2.25 mm and 1.50 mm for an un 
5 ' 6S "^f ' iS,U,a ^ Wi, ^< a flow reoulator 2 ■) so, 

es^r 0 : S th n0rmal COFOnary b, ° 0d (,0W and ^ 
10084? r maX,mi2in 9 net forward flow. 
;o S h l,,SOeS,rab,e,ha,,hea nCor a rmi2-protru(Jes 

the hear. wall. Th,s prevents tissue growth over end 

[0085] F |ly , wj|| be noied iha( 

defines a long.tudinal axis (e^, axis X-X in FIG 9 A) 

The r eg ,on «• o, arm W intersects axis X-X. The regCn 

bi d f ^r 5 eC,i0 " SUrfaCe 10 ^ v S 
blood flow from arm 12' impinging djr 9 e ™* 

onary artery |n£tead ^ ^ ^ <> P e « 

e-ed bv reS i ' COronar y ar,er V wallcov- 

low w„„ a minim ™ 0 , ce|J »»al 

u o , h P ' es r' ' nven " on as claimM bu, s 

(arrows B) while facilitating forward flow (a „ow A") Al 
blood cells. 31 an an 9'e to reduce , mpacl of 

a. General 



[0087] The method of the present invention Suitable 
•or performing a variety of surgical cardiac procedu e 

C hes t pr a o r ,e : may be per,ormed ^ 

chest approach, or through minimally invasive an 

r^oTthro ,h : c,eation of access k 

chest, or through percutaneous access utilizina in.r 3r 
on the invasiveness of the approach utilized the hear 
mo nt! 10 PU ' Se n ° rma,, y- be ^ ^ - V 

compie e C ° mP,e ' e ' y - A S ' 9ni " CanI ^ of 

complete hear, stoppage can necessitate the use o 
supportive cardiopulmonary bypass 

SonLToe? 0 " °' USin9 d6ViCe °' ,he P'e«n, 
mveniion lor oerlormmg a coronary anerv bvoas^ n,n 
cedure win now be described in detail. Z P Z7Z 
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is toiundergo the procedure can be prepared in a con- 
ventional manner tor cardiac bypass surgery. The pa- 
tient preparation, anesthesia utilized, and access route 
,o the coronary circulation, will vary depending upon the 
invasiveness of the specific procedure chosen. 



i r-,pneral Preparations 
■ J0089] Standardtechniquesotoeneralp.eparationto, 
open-chest surgery in which cardiopulmonary bypass* 
utilized have been widely reported. See, e.g. LUDWIC 
K VON SEGESSER, ARTERIAL GRAFTING FOR MY- 
OCARDIAL REVASCULARIZATION (1 990). In one em- 
bodiment of the methods ot using the device of the in- 
vention where an open-chest procedure and I ca£»p£ 
monary bypass is utilized, the patien, can be prepared 
tor suroerv as outlined by Von Segessei. 
0090 Genera, preparations for open-chest surgery 
n whL cardiopulmonary bypass is f 
been published by Buffolo et al., 61 ANN. THORAC, 
SURG 63-66(1996). In one of the methods ot us.ng Jhe 
device of the invention where an open-chest procedure 
lout cardiopulmonary bypass is utilized, the .patient 
can be piepared for surgery as outlined by Buffolo. 

embodiment of the methods of using the device of the 
p,e,en, invention where a closed-chest procedure and 
cardiopulmonary bypass is utilized, the patien, can be 

nreoared lor surgery as outlined by Steim^n. 

2 Genera! preparations for closed-chest surgery 
o be performed.using thoracoscopy, but wher card, 
6pu.mor.ary bypass is no, utilized, have been , pu bl^hed 
b Acutl et a... 61 ANN. THORAC. SURG. 35-37 
no 961 m one embodiment of the methods of using the 
oeviS of the present invention wheie a c^hest 
procedure without cardiopulmonary bypass 
the patient can be prepared fo. surgery as outlined by 

fo093] General preparations for peicutaneous ^ co- 
nary artery bypass grafting utilizing iniracoronary and 
- n ventricuiar catheterization and without cardiopuF 
monary bypass have been described by W.Ik .n his 
r.ore-LnLedU.S.patents.P.eparationscaninclude 

lhe sterile scrubbing and draping ot at least one g o.n to 
oermit access to a femoral artery for catheterization of 
h e ,ona vasculature and the sterile scrubbing and 
SapTng of .he right super ior anter ior ches, wall to perm 
access to the innominate artery tor catheterization of the 
,et. ventricle. Further suggested P^^ 3 ''^" 
elude those outlined by S.erman and Acutl for thoraco 
scopic surgery with and without cardiopulmonary by 
pass, respectively. 



ii, Aj 1 est^es^no 1 tp_^^ 

,0094] Most often, the patient will be placed unde- 
genera. anesthesia prior to the procedure. In one em- 
5 pediment, standard cardiac operative anesthet.c tec* 
niques. such as piemedication with diazepam, induction 
with propolo. and suten.anil, and maintenance with des- 
Lrane can be employed. On occasion, less than gen- 
eral anesthesia can be utilized. Less than general an- 
,o esthesia ,s we.l Known in the literature. When the , ,nv. 
siveness of the p-ocedure is minimal, such as when the 
procedure is to be carried out via intracoronary and m- 
raven.ricula, catheterization, or when the risks of gen- 
eral anesthesia to the individual patient outweighs he 
,5 risks of less than general anesthesia with regard to the 
particular procedure planned, less than , gener I an 
esthesia can be induced. Selective vent.lat.on of the 
nj s can be achieved through the placemen, o, a dou- 
ble lumen endobronchiat.ube which Independently pro- 
■20 i es for the intubation of the left and rich, mam stem 
bronchi. An intraesophageal probe can be placed t fa- 
cilitate cardiac monitoring and the synchronization of 
power to the laser, when deemed useful. 
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Procedu re 

[0095] Following preparation, access to the Rent's 
coronary arterial vasculature can be attained through a 
30 Sy o« techniques, dependent upon the route of ac- 

moTvonSegesser has reported a method o< ac- 
cecsYo the corona* arterial vasculature when util.zing 
aVopen-ches, approach and cardiopulmonary bypass^ 
in *rr*-c<irpent utilizing an open-chest approach 
with ca^pu.mcnary bypass, access to the coronary 
vasculare can be obtained as reported by Von Seges, 

m0971 Buflolo et al. has reported an open-chest ap- 
<o proach .o tne coronary arterial vasculature . when pe,- 
formed without cardiopulmonary bypass. See Buffolo et 
a, 61 ANN. THORAC. SURG. 63-66 (1996). In one em- 
bodiment utilizing an open-chest approach without car- 
diopulmonary bypass, access to the coronary vascul.- 
45 ture can be obtained as reported by Bu«olo. 

,0098] Slerman ef al. has reported a method of ac- 
cess to the coronary arterial vasculature when a closed- 
chest approach with cardiopulmonary bypass £ « 
See Sterman et al., U.S. Pat. No. 5.452,733 (1995)^ 
5 o Sterman positions a plurality of access trocar sheath 
a g the patient's left and right anterolateral chest wall. 
"neiToca, shea.hs provide access to the coronary 
vasculature, and al.ow the temporary jeposn^ngol 
the hear, to facilitate the performance of the procedure. 
55 The reposing is accomplished utilizing grasp.ng 
tools introduced through the appropr.ate uocar sheaths. 
Visualization during this procedure can be er.he noY 
rec „ y via thoracoscopy, or directly via a "window placed 
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lined by Sterman. The instruments to be used in ihe Z 

[«*»] Acu» e, a,, has oescribed a method 0t access 
>o the coronary arterial vasculature when a closed , 

sheaths. ,n concert with this window allow th» , 
rary -eposftioning of the hear,, and acc £s , ,h f"' 0 " 
nary arterial vasculature VisualraVn h °" 

an arieraimmv., e lnnom| naie artery, also through 
Pasu e'-onic fr** '"^ ' he 8scendi "9 sona' 

n,ues^:s f ^;^trr n,nc,e - Tech: 

known in the literature. cathe 'er,zed are we,, 



45 



[0102] Referrinq now to FIGS d «; c -j 

•?n rh= - dn 'enorly ; to expose a coronary arterv 

» ^ 34) *° be 

' 2v S : C ° nd ' C f rdi0 P u ^°nary by p ass may be ini- ■ 
Geo aeS ne ! y ?' S ' andard ,ech "^es as ouLd b 

'5 j PARninTun Ewpmem and Technique* 9(4) 
■^995) VASC - ANESTH - «<>.« (Augus! 

berg ^ ' I r 0U£ - £S 0U " ined ^ Ger3ld °- Bu <*" 

£ : =~===- 

ey30, s : ^ OW ' hrOU9h,he,ar 9 e,co '--ya f - 
[Olii] Seventn. as shown in Fir- a ,^ 
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incision can be lengthened, it necessary, to accommo- 
date the intracoronary arms 14' using s.ancard tools 
tuirh as fine anqled scissors. 

01 12 Eighth: a channel 50 is initiated into the deep 
coronary arterial wall 40 and through the musculature 
42o^ 

,he chamber of a hear, is the left ventricular chamber of 
the heart. The channe. 50 can be initiated by standard 
technioues such as awl punching, inc.smg.use o a e 
ser or the like. The channel 50 is then extended into the 
al, of a hear,, in this case the let. ventricle 44 by 
standard .echmques (such as punching with a trocar 46 

cisingwithascalpelb^^ 
an electrosurgical cutting tool, laser or radio frequency 
ablation, blunt dissection, etc.). 
,0113] Ninth, once a channel extending through the 
entire thickness o, a wall 42 of a chamber of a heart is 
formed, i. can be systematically sized by the passage 
of standard probes. _,„.„u 
,0i l4 ] Tenth, through palpation, inspector,, and prob- 
ing of (he distal and proximal coronary artery lumen 48 
a conduit 10' of appropriate dimensions is selected, as 

^OIIS] 0 ' Eleventh, as illustrated in FIGS. 6 and 7, the 
anchor arm 12' is inserted into the formed channe ,50. 
The intracoronary arm 14' is. then seated w,th.n the lu- 
men 48 of the coronary artery 30. 
,0116] Twelfth, as shown in FIG. 8Jhelong..ud,na 
ricision 38 previous* incised in the anterior wall 6 o. 
the coronary artery 30 is surgically re-app'oximated 
Tne'e-approximatron can be performed by a number of 
conventional techniques, including suturing 52, laser 
welding, micrcstapling, and the like. 
,0117] Thirteenth, the clamps or sutures closmg off 
blood flow to the coronary artery are releasee. 
,0118] Fourteenth, contractions of the heart, if previ- 
ously stopped, are reinitiated by standard e'ectrostrmu- 
,a,ion or the reversal of cardioplegia and the pa.-en is 
slowly weaned l.om cardiopulmonary bypass by s.ano- 
ard techniques. 

,0119] Fifteenth, the pericardium, sternum, ana over- 
Lino skin o, the chest is re-approximated and surgically 
closed by standard, conventional techniques. 
,01 20] Sixteenth, anesthesia is reversed and the pa- 
tient revived by standard techniques. 



2 TheMeihod^UJSinoJh^ 
invl^l^ 




,0121] A closed chest approach according to the 
method of using the device of the present invention may 
use the conduit 10' as Described above. Such a oroce 
dure will now be described. 



,0122] An exemplary closed-chest procedure, without 
5 cardiopulmonary.bypass.bywhichacoronaryarterybr 
pass may be accomplished will now be described. The 
closed-chest approach is less invasive than the operv 
chest approach, although providing the surgeon with 
somewhat poorer visualization and limited direct access 
, 0 to both the chambers of the heart and coronary artery 
bypass site. ,.„, ; „ 
,0123] Preparation tor the procedure, and anesthes.* 
prior to and during the procedure, is outlined above 
' [0124] First, a plurality of access trocar sheaths ,s po- 
,5 sitioned anterior and laterally along the left and right 
chest walls as outlined by Acuff et al. 
[0125] Second, a space in the left low anterior chest. 
Lllmaybefoimedbyremovalofthefourthn bcart.lag.e_ 
as outlined by Acuff et al. In this embodiment, the heart 
2 o and coronary artery can be both directly vrewed via hi 
space or window; as well as indirectly vrsualrzed via „ 

mT2 a 6 C ] OSC T°nifd. a standard pericardiotomy is performed 
using a scalpe, or electrosurgical cutting tool introduced 
2 s through the'eft la.era, chest trocar sheaths wh evrew- 
ing under thoracoscopy. The pencardium can be ex 
cised and either sp.ead open, or removed from the the- 
racic cavity as outlined by Acuff et al. 
0127] Fourth. ,1 necessary, the heart can oe rotated 
so ■ within the mediastinum. Direct access and visual, za on 
through the for meo chest wall space can requ.re m atron 
o, the heart. Rotation o, the heart can be accomplished 
by the grasp-.no oi .he heart by tools inserted through 
access trocar hea.hs loca.ed along the let. and right 
S5 che^aH as oescribed by Sterman et a,. ^ternahve , 
traction on sutu.es placed in the pericardium can de- 
tract -the heart aliow.ng appropriate direct visualization 
o, the area to be bypassed as described by Acuff et al 
ln another alternative orocedure, the heart can be ac- 
ao cessed from the patient's back with an endoscope fo, 
implantation of tne stent in the posterior vascular beds 
Thich a.e no, cu, rently accessible by minimally invasive 

; e 0 C S U Hnh. once tne coronary artery to be bypassed 
,5 !s identified and well-visualized; snare sutures o 5-0 
polypropylene are placed at least proximally to the tar 
get area as described by Acuff et al. 
?0129] Sixth, the heart rate can be pharmacologically 
slowed .o approximately 40 beats/minute to mjmize 
5 o motion within the operative field as described by Acuff 
e, al Nitroglycerin and heparin can also be admmis- 
12 1 to ,educe cardiac ischemia and preven, clo.t.ng 
respectivelv as outlined by Acuff et al. 
10130] Because cardiopulmonary bypass is omitted ,n 
55 this embodiment, intermittent coronary artery occ lusron 
,o induce ischemic oreconditioning, as well as trans- 
esophageal echocardiography to 
motion chances, can be utilized as described by Acut, 
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lery can be directly viewed, the lumen 48 of thp ™ 

;==~.?"=: 

mi S ? 3mber °' 3 heart 44 is lh * 'el. ventricle 
10133] Ninth ine channPl <;n o • ■• e "" lcle - 
entire thicknecc r < „ ' ex.eno.ng through the 

p"L «T r ' h ' """^ >"*>' '"o^oseopic i„. 
cat of thp PreSem inVen ' i0n iS Selec,ed - A* - the 

inzal 0^^' T C ° mr0 ' and 

on d :- in- ' emainm9 imraCO ' 0nar V arm i^, 
me conduit 10 ,s seated within the lumen 48 of the ™ 

c™ p ::r ed t under ,ho ' acosc ° Dic ^ 
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.he anterior inferior aspect of the ,ef, ches, wa.l. ,„ thj , 
nTthe ,h '' 10 * be ° ras *"- °«*e introdu ed 

SSSSSS 

duit 10 is then inserted into the channel formed 50 vi- 
rem ^ ^ ™ 50 Vlc 

.--urgicanechnigL^'^^- 
'"9. m,cros.aplino. and the like. When closure LT °' 

hed b u 9 ti ,^r iaP ' in9 ' he like «" ^ ace 9 ™- 

:~™ 

by Acuft et al. Pe " C3 ' d ' Um ' as need eo. as described 

30 a^L^r:™:: ,rocaf£he2t,isa --oved. . 

ventional manner SUr9,Ca " y repa,red m a c - 

35 Kv^^^ 

Claims 

'» oW?r a,L ' Sto ' L ' Seinacoronar y a «er y byp ? s, 
P ' 0CedU,e said a PParatus comprising:. . 

havino -T a , ntia " y rl9id L " ShaP6d C ° nduit 10 ' 
for Z« ^ 12 ' witha ^" end suitable 
fonnsertion.io and retention within a wall of 
with , a l C r ambe ' C ° n,ainin 9 o^gena.ed blood 
w h ,d firs, end in blood flow communication 
« hblooo contained within said chamber 

(b) said conduit having a second arm 14' with 
a second end suitable for insertion into and re- 
'ention within said coronary artery with said 

a lumen ot said coronary artery 

(c) said conduit being suitable tor in use defir 

conn 2 '° ,he SeCOnd end d ^"9 

s, e n h hear *' ' he con "9-a,ion and 

sa d ir S 1 m COndUi ' be ' ng SUCh ,hat w "en the 
d " rS ' arm ,£ lnserte d into said heart chamber ' 
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so that its end is in blood How communicattor, 
with blood contained within said chamber, the 
second arm 14' can extend into a neighbouring 
coronary artery. 5 

2 An apparatus accordingto claim 1 , in which the first 
2 ' Isecondarmhaveloncitudinalaxesthatarepe,- 

pendiculai. 

3 An apparatus according to claim 1 . in which the lirs. » 
and Second arms 12'. 14' have long.tud.nal axer 
wh -ch have an angle greater than 90° between 
them. 

4 An apparatus according to claim 1. in which said ^ 
conduitlO'hasage 0 metr y s e lected.ob,aslorward. 
Z blood trom said first end toward said second 
end while not blocking blood flow from sa.d second 
end toward said first end. 2Q 

s An apparatus according to claim 4, in which the con- 
du.no has a narrower internal diameter at the sec 
ond end than at the first end. 

6 An apparatus according to claim 4 or claim ,5. in * 
wLhtheimernaldiame.erottheconduMO'tapers 

from the first end to the second end. 

7 An apparatus according to claim 1 further compns- ^ 
ino a bi-di.ectional flow regulator 22. 



«= according to any preceding claim 
3 ss sectional outer diameter of the sec- 



8. An apparai 
which thee 

ond arm is f.om 1 to 4 mm. ; 

o An apparatus according to any preceding claim, in 
whi the conduit is sized for the first end ,o pen - 
uaTe beyond a wa« ot the heart chamber and ,nto 
said heart chamber in use. 

in An ao-a.a.us according to claim 9. in which the first 
end is dimensioned to penetrate from 1 to 3 mm into 
the heart chamber in use. 

11 A kit comprising a plurality of apparatus according 
to any preceding claim, each apparatus having a 
ditlerent external diameter. 

12 A kit accordino to claim 11 . in which each of the ap- 
paratus have a second arm having a different ex- 

ternal diameter of Irom 1 and 4 mm. 



Patentanspruche 

1 Vorrichtung zur Verwendung in einem Koronararte- 
' rienpyoasseingritl, wobei die Vorrichtung autweist. 
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(a) eine im wesentlichen teste L-fdrmige Lei- 
, una (10') mit einem ersten Arm (12') m,t einem 
nerHerzkammereinoesetztunddaringeh^ 
zu werden. die sauersto.freiches Blu. en.halt. 
wobei das ersteEnde in einer BlutfluBkommu- 
nika,ionmitdemBluts.eht.dasind,eserKam- 

•mer enthalten ist. m ,* A -\ 
in wobei diese Leitung einen zweiten Arm (14 ) 
hatderdazu dient. in die Koronararterie ein- 
aesetz. und darin gehal.en zu werden. wobe 
das zweite Ende in BlutfluBkommunikation m.t 
einem Lumen der Koronararterie stent. 
i c) wobei diese Leitung dazu d.ent, bei Ge- 
Lauch einen ottenen BlutfluBweg von einem 
ersten Ende zu einem zweiten Ende wahrend 
■ der Kontraktion des Herzes zu b.lden und zu 
erhalten. wobei die Konfiguration und die Ab- 
m essunoen der Leitung derartig sind daB, • 
wenn der erste Arm in die Herzkammer einge- 
retzrisLsodaBseinEndeinBlutlluBkommu- 
nikationmitdemBluts.ehLdasindie^ 
m er enthalten ist. der zweite Arm (14) sicn 
eine benachbarte Koronararterie erstrecken 
kann. 

Vorrichtung nach Anspruch 1, wobei der erste und 
Z weite Arm Langsachsen haben, die senk.ech, 
sind. 

VorrichtungnachAnspruchl.wobeiderersteund 
' zweite Arm ^.^Langsachsen haben die zv* 
schen sich einen Winkel haben, der groBer als 90 
ist. 

, vorrrchtung nach Anspruch 1, wobei dj « 
no-) eine Geome.rie hat. die so gewahlt daB 5 e 
ejnen vorwartsblutfluB von dem ersten Ende in 
In uno des zweiten Endes bevorzugt, wobe, oer 
LluB-n dem zwe.ten Ende in Richtungoes er- 
sten Endes nrcht blockiert wird. 

5 vorrichtuno nach Anspruch 4, wobei die Leitung 
{ K 7) am zweiten Ende einen kleineren Innendurch- 
messer hat als am ersten Ende. 

6 vorrichtuna nach Anspruch 4 Oder 5, wobei sich der 
6 - Inendurchmesser der Leitung (10") vom ersten En- 

de zum zweiten Ende verandert. 

7 vorrichtung nach Anspruch 1 , ferner mi. einem hi- 
direktionalen DurchtluSregler (22). 

8 vorrichtung nach e,nem der ^ergehenoer , An- 
spruche, wobei der AuBendurchmesser des zwe, 
, en A,msimOuerschnitMbis4mm.st. 



9. Vorrichtung nach e 



n der vorhergehenden An- 
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gruche. W05ei dje L sQ 
• " ' ndUrCh in die He — r ein 

10. Vorrich.ung nach Anspruch9, wobeidas ers.e FnH 
so dimens.onier, , SI . daB es bei Geb auch 1 b" 

netoe: S v a o Z h mit T'*'*" nach ei- , 

-S:™:---^-ande ( e n , 
Revendications 

cLlr°T h 60 L SenSib,emen < rigl* (io-, » 
compor, a n t une premiere branche (12 ') don 

-e prer.rereex.remi.e est adap.ee pour 
2e,, elenuedansuneparojd . un P ech e.e 

" Z n C ° nlenant dU San 9 o^yoene , 5 . 

: nch e , |4 } Qom deu ^. eme ^ 
i e 6,re inS ' r ' 6 61 ' e,enue can ^ la- 5, 

e n r n 0 r naireJadi,edeuxiemeex,,6mi ^ 

<=iani en uommunicaiion de flux sanouin -\ 
lumen de ladite artere coronaire ~ "'^ 

° ' 06 la P ,ern| e'e extremite jusou'a 

conn , C ° n, ' 9Urati0n et dimensions du 
concur, etan, lelles pue . , g > * 

2 ^ eS V nS6r6e d3nS ,adi,e chambre d « 
coeur oe sorte que son extremite soil en com 

:;"' Ca,l ° nde ' 1 --n g uinavec l esa n rco n T" 
a n nSladl,echa ^re,,adeuxiemebran e 
O^sses^endredansuneanerecoronai- 

50 

^aj^,on la( evend,c a „on, Qanslequef|e£ 
premiere et oeuxreme branches ont des a v P , 
Pitudinaux perpendiculars. . * '° n ' 

Appareil selon la revendication 1 dans leonpi , D( ^ 
P'em,ere e, oeuxi eme branches { , 2 ^Z 'T 
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superieur a 90 c . 

«- Appareil selon la revendicatbn 1. dans leoue. ,- 
9 dudi, conduit (10-) es, se.ection Te p t 

111 ° ePUiS ,adi ' e deuxfeme -'-mite vl ! 
laaite premiere extremite. 

»eau d. L h ' '""" ne plus «»» a" "'■ 

?0 7. Appareil selon ,a revendication Vcomprenan, P n 
^^^^^^^ 

8 ' p'r/dii 00 ^' 16 ^ 6 ^"^ 6 d6S '—^catrons 

9 ' P^Sr '' Une qUe ' COnqUe ^ — ndrcations 
n pou, a e , ' 8qUe ' ' 6 C ° nduit ^mension- 
' d une pali de P^eUe au -de,a 

10 Appareil selon , a revendication 9. dans , eQ uel , £ 

que appare.l ayant un d , am . ^ 

avant nn , ■ POnS Une de "™™ branche 
ayant un d.amene exierne different de 1 a 4 mm 
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Fig J A fig, IB 




Fig.2A 
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I; 

FIG. 42. 
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FIG. 4*> 
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